In the HYENA study (HYpertension and Exposure to Noise near Airports) noise annoyances due to aircraft and road traffic noise were assessed in subjects that lived in the vicinity of 6 major European airports using the 11-point ICBEN scale (International Commission on Biological Effects of Noise). A distinction was made between the annoyance during the day and during the night. L den and L night were considered as indicators of noise exposure. Pooled data analyses showed clear exposure-response relationships between the noise level and the noise annoyance for both exposures. The exposure-response curves for road noise were congruent with the EU standard curves used for predicting the number of highly noise annoyed subjects in European communities. Annoyance ratings due to aircraft noise, however, were higher than predicted by the EU standard curves. The data supports other findings suggesting that the people's attitude towards aircraft noise has changed over the years, and that the EU standard curve for aircraft noise should be modified.
Introduction
The association between noise and noise annoyance has been extensively investigated. Annoyance is a term used in general for all negative feelings such as disturbance, dissatisfaction, displeasure, irritation, and nuisance (Guski, 1999; Ouis, 2002) . Pooled analyses (meta-analyses) were carried out and synthesis curves were derived that can be used for the prediction of the percentage of annoyed subjects (Miedema and Vos, 1998; Schultz, 1978) . A distinction has been made between the percentages of 'little annoyed' (%LA), 'annoyed' (%A) and 'highly annoyed' (%HA) subjects according to certain cut-off criteria of the distributions of annoyance ratings in the individual studies (Miedema and Oudshoorn, 2001) . Conversions were made with respect to the noise indicator L den according to the EU Directive on Environmental Noise (Directive 2002 /49/EC, 2002 . The curves derived by Miedema et al. (known as 'Miedema curves') are commonly used for predicting the number of highly noise annoyed subjects in European communities (European Commission Working Group on Dose-Effect Relations, 2002) . Similar exposureresponse relationships were derived with respect to self-reported sleep disturbance by a European Commission working group (European Commission Working Group on Health and Socio-Economic Aspects, 2004; Miedema and Vos, 2007) . A common finding in the syntheses of annoyance and sleep disturbance studies was that at the same A-weighted average noise exposure level or noise indicator, aircraft noise was more annoying than road traffic noise, and railway noise less annoying than road traffic noise (Fields and Walker, 1982; Kryter, 1982; Kryter, 1983; Miedema and Vos, 1998) . As well as other reasons, shielding (non-exposed side of the house) and access to quiet rooms may have an impact on the annoyance ratings, which could be a possible explanation for the observed source-specific differences of annoyance curves (e. g. aircraft noise vs. road traffic noise) (Jakovljevic et al., 2009; Kryter, 1982; Miedema and Borst, 2007; Schultz, 1982) . The American standard ANSI 12.9 part 4, which is based on ISO 1996-using different correction factors-does not consider a railway bonus, and the penalty for aircraft noise varies between 0 and 5 dB, depending on the sound level (ANSI S12.9, 2003; Gjestland, 2008; ISO 1996 ISO /1, 2003 . The present article is concerned with the possible change of the peoples' perception of aircraft noise throughout the years.
In some newer investigations annoyance ratings due to aircraft noise were found to be higher than predicted by the EU standard curve (Kastka et al., 1995; Le Masurier et al., 2007; Meis, 2006, 2007) . Time-selective meta-analyses suggested that annoyance exposure-response relationships might be moving upwards (Guski, 2003; Guski, 2004; van Kempen and van Kamp, 2005; Wirth et al., 2005a) . It has been suggested that the perception of aircraft noise and the attitude towards it-and thus the annoyancehas changed over the years (Bröer and Wirth, 2004) . This may be due to the fact that many of the studies that were considered for the exposure-response curves are now more than 25 years old. During the 1960s through to the 1990s the sound level equivalent causing 25% of 'highly annoyed' subjects due to aircraft noise seemed to have diminished by approximately 6-7 dB(A) of the L DN (Bröer and Wirth, 2004; Guski, 2004) . However, methodological factors of studies such as response rate could also have played a role (selection bias). Particularly, in telephone surveys and postal questionnaire surveys, higher annoyance ratings were found with increasing response rate, suggesting that less annoyed subjects are less likely to participate in social surveys on community noise annoyance (Brooker, 2009) . Annoyance is a multi-factorial concept that is only partly determined by the noise level (Fields, 1993; Guski, 1999; Job, 1988a Job, , 1991 Job and Hatfield, 1998; Miedema and Vos, 1999; Öhrström et al., 1988; Ouis, 2001) . Although clear exposure-response relationships have been found between the noise level and the noise annoyance, the amount of variance (R 2 ) that is explained by the noise level is relatively small (25 to 30%) (van Kempen et al., 2005; Kroesen et al., 2008) .
In the HYENA study we assessed noise levels and annoyances due to aircraft noise and road traffic noise in large population samples in the vicinity of six major European airports. We compared the relationships between road traffic noise level and annoyance due to road traffic noise on the one hand, and the association between aircraft noise level and annoyance due to aircraft noise on the other, with the EU standard annoyance curves for both noise sources. Possible derivations of the HYENA curves from the EU aircraft noise curve could be viewed relative to HYENA derivations from the EU road traffic noise curve. Because both refer to the same subjects we were able to see whether the relationship between noise and noise annoyance had changed in general or source specifically. In other words, we could use the relationships for road traffic noise as a reference for the judgement upon any change of the annoyance due to aircraft noise curve from the respective EU exposure-response curve.
Methods
The HYENA study (HYENA = HYpertension and Exposure to Noise near Airports) is a large-scale multi-centred study carried out simultaneously in 6 European countries to assess the relationship between aircraft noise and road traffic noise on the one hand, and the prevalence of high blood pressure on the other. Details regarding the study design were given elsewhere (Jarup et al., 2005 (Jarup et al., , 2008 . The present article is concerned with the association between noise and noise annoyance. Annoyance due to different noise sources was assessed in a similar way at the same time in different airports/countries.
Study sample
The study population included 4861 people (2404 men and 2467 women) aged between 45 and 70 years at the time of interview, and who had been living for at least 5 years, near one of six major European airports (London-Heathrow (GB), Berlin-Tegel (D), Amsterdam-Schiphol (NL), Stockholm-Arlanda (S), Milan-Malpensa (I) and Athens-Elephtherios Venizelos (GR)). In Stockholm, also the citizens living near the City Airport (Bromma) were included to increase the number of exposed subjects. Subjects were selected at random from available registers (e.g. registration office, electoral roll, health service). To maximise exposure contrast, the population was stratified using existing noise contours. Areas with other sources of noise exposure (rail, industry, etc.) were largely excluded. Field work was carried out between 2003 and 2005.
Noise level
To facilitate comparability between the HYENA countries, the 'Integrated Noise Model' (INM) served as the standard model for the assessment of the aircraft noise exposure based upon radar flight tracks (Gulding et al., 2002) . For aircraft noise L day,12 h , L evening,4 h and L night,8 h were calculated (day defined as the hours from 7:00 to 19:00 or 6:00 to 18:00, evening defined as the hours from 19:00 to 23:00 or 18:00 to 22:00 and night defined as the hours from 23:00 to 7:00 or 22:00 to 6:00, according to the 'European Environmental Noise Directive' (Directive 2002 /49/EC, 2002 ). In the UK the model 'Ancon' was applied which fulfills the requirements of the European Civil Aviation Conference (European Civil Aviation Conference, 1997). Road traffic noise assessment was based on available noise data according to the national assessment methods (United Kingdom: Calculation of Road Traffic Noise (Department for Transport and Welsh Office, 1988); Germany, Italy: Richtlinien für den Lärmschutz an Straßen (Bundesministerium für Verkehr (Ministry of Transport), 1990); Greece, The Netherlands: Standaard Rekenen Meetvoorschrift (SRM) (Ministry of Housing Spatial Planning and the Environment, 2002); Sweden: Nordic Prediction Method (Bendtsen, 1999) ) and the 'Good Practice Guide for Strategic Noise Mapping' (Directive 2002 /49/EC, 2002 ; European Commission Working Group Assessment of Exposure to Noise (WG-AEN), 2006).
All noise levels were modelled for 2002; this year was assumed to be representative for the five-year period preceding the health assessment. Modelled noise exposure levels were linked to each participant's home address (most exposed façade) using geographic information systems (GIS) technique. The special resolution (grid size) was 250 × 250 m for aircraft and 10 × 10 for road traffic noise. For both aircraft and road traffic noise the levels had a 1 dB resolution, except for the UK where only 5 dB classes for road traffic noise could be procured. The midpoints of these classes were chosen for the analyses using continuous exposure data. L den and L night were calculated for both aircraft and road traffic noise according to the 'European Environmental Noise Directive', considering +5 dB(A) and +10 dB(A) weighing factors for the evening and night period, respectively (Directive 2002 /49/EC, 2002 . Approximations were used to calculate L den , when only L Aeq,24 h (considering a 10 dB(A) difference between L day,16 h and L night ) or L day,16 h and L night (considering a 2 dB(A) difference between L day,16 h and L den ) were available for road traffic noise (Bite and Bite, 2004 ; European Commission Working Group Assessment of Exposure to Noise (WG-AEN), 2006). To minimize the impact of inaccuracies on the noise levels at the lower end, cut-off values of 40 dB(A) for L den and of 30 dB(A) for L night were introduced for aircraft noise. The lower cut-off level for road traffic noise were set to 45 dB(A) and 35 dB(A), respectively.
Based on information about number of movements and-where available-noise monitoring data, it was found that aircraft noise exposure had not changed considerably between 2002 (the year in which the noise contours were modelled) and the years when the field work was carried out (annoyance assessment). With respect to road traffic noise, it was very unlikely that major changes had occurred during this time-considering that doubling/halving of the traffic volume results in (only) a +/−3 dB change of the noise level.
Furthermore, the magnitudes of the correlation between the noise level and the annoyance were found to be similar as in other annoyance studies (see Results section).
Noise annoyance
During the home visits personal interviews were carried out (faceto-face interview). The standardised questionnaire consisted of questions regarding health status, socio-demographic, lifestyle and behavioral factors, annoyance and personality factors including noise sensitivity. Noise annoyance was assessed using the non-verbal 11point 'ICBEN scale' (Fields et al., 2001) , because verbal translations were only available in English, German and Dutch. The Greek, Swedish and Italian partners of HYENA had to make their own translations. This was done carefully by the partners using back-and forward translation. Native English speakers were involved, and existing material in the partner countries was considered for the translation process. The battery of annoyance items referred to air traffic, road traffic and other community noise or indoor noise sources (e.g. railway, motorcycles, industry, construction, neighbours and indoor installations). A distinction was made between source-specific noise annoyances during the day and the night, and between the global noise annoyance with open and closed windows. In the statistical analyses average noise scores were used, as well as percentages above certain cut-off levels of the annoyance scale for comparisons (percent highly annoyed = %HA, categories 8,9,10 on the 11 point scale (range: 0 to 10) (European Commission Working Group on Dose-Effect Relations, 2002) . This cut-off criterion of 72.7% approximates the 71-73% criterion used by Schulz and Miedema for converted scales which are ranging from 0 to 100 (Miedema and Oudshoorn, 2001; Schultz, 1978) . In fact, the combination of ratings 8,9,10 of the 11-point ICBEN scale underestimates the %HA slightly compared to the EU curve. (Note: the combination of the categories 4 and 5 of the 5-point verbal ICBEN scale-on the other hand-overestimates the %HA).
Non-acoustical factors
As part of the interview, personality and behavioral factors were assessed, including noise sensitivity (10 items, 6 point Weinstein scale, sum score) (Stansfeld and Shine, 1993) . Noise sensitivity is a personality factor that is theoretically independent of the noise exposure (Job, 1999; Stansfeld, 1992) . It is an independent predictor of annoyance (van Kamp et al., 2004) . Attitude towards the airport was assessed to identify differences between airports ("What is your attitude towards your local airport?", 11 point scale: 0 = very negative to 10 = very positive) ( van Kamp, 1990) . It is associated with the noise exposure and the annoyance.
Results
Aircraft noise, road traffic noise and motorcycles were the most dominant sources of noise annoyance in our sample. The mean annoyance ratings (day/night) on the 11point scale (range: 0-10) were as follows: aircraft (4.57/3.08), road (2.53/1.50), train (0.38/0.28), motorcycles (2.18/1.20), tram (0.02/0.00), construction (0.85/0.06), neighbours (0.84/0.51), industry (0.37/0.16), shops (0.19/0.25), indoor (0.30/0.17). In the following, the focus is on aircraft and road traffic noise only, which were also objectively assessed (noise level). Table 1 shows the distribution of the noise levels L den and L night for aircraft and road traffic noise (categorical data). Due to the stratified sampling frame reasonable numbers were achieved in each noise category. Nonparametric correlation coefficients between L den and L night (continuous data with cutoff set at low noise levels) were r s = 0.88 (air) and r s = 0.99 (road); correlation coefficients between aircraft and road traffic noise levels were r s = 0.01 (L den ) and r s = 0.03 (L night ), indicating that the two noises were very independent of one another. The mean differences between L den and L night were 12.8 dB(A) for aircraft noise and 8.8 dB(A) for road traffic noise. Table 2 shows the average noise exposure (mean and standard deviation) of the subjects stratified by airport [country] . London-Heathrow (GB) and Amsterdam-Schiphol (NL) subjects were most, and Milan-Malpensa (I) subjects least exposed to aircraft noise. Berlin-Tegel (D) subjects were most, and Athens-Elephtherios Venizelos (GR) and Stockholm-Arlanda/Bromma (S) subjects least exposed to road traffic noise. (Note: These figures are not representative for the population in each area. They only reflect the sampling frames of each centre). Table 3 shows the percentage of 'highly annoyed' subjects stratified by airport [country] ('highly annoyed' refers to the categories 8,9, and 10 on the 11 point scale). Athens-Elephtherios Venizelos (GR) and London-Heathrow (GB) subjects were most, and Amsterdam-Schiphol (NL) subjects least annoyed by aircraft noise. Milan-Malpensa (I) and Berlin-Tegel (D) subjects were most, and Athens-Elephtherios Venizelos (GR) and Stockholm-Arlanda/Bromma (S) subjects least annoyed by road traffic noise. Non-parametric correlation coefficients between day and night annoyance scores were r s = 0.68 (aircraft) and r s = 0.65 (road); correlation coefficients between aircraft and road traffic noise annoyance were r s = 0.22 (day) and r s = 0.27 (night). The results indicate that both annoyances were independent of one another. By trend, age was negatively associated with annoyance within the age range of the study sample (47-70 years). However, the effect was significant only with respect to road traffic noise during the night. Figs. 1 and 2 show the relationships between aircraft noise and road traffic noise (L den ) and the percentages of highly annoyed subjects due to aircraft and road traffic noise during the day for the country-specific samples. For comparison, the EU curves of 'highly' annoyed subjects (%HA) are also shown in the graphs (light circles). Figs. 3 and 4 show the relationships between aircraft noise and road traffic noise (L night ) and the percentages of highly annoyed subjects due to aircraft and road traffic noise during the night for the country-specific samples. For comparison, the EU curves of 'highly' (subjectively) sleep disturbed subjects (%HA) are also shown in the graphs. To enable visual comparisons, the range of the annoyance scale is kept constant in all graphs. While the country-specific annoyance ratings of road traffic noise scatter around the EU curve ( Figs. 2 and 4) , the ratings of aircraft annoyance are all higher than predicted by the EU curve ( Figs. 1 and 3) . A considerable heterogeneity between the airports is obvious. Particularly, subjects from the Greece (Athens) and Italy (Mailan) airports were much more annoyed by aircraft noise than subjects from the other 4 airports. This was not found with respect to road traffic noise.
As expected, attitude towards the airport was negatively associated with the aircraft noise level in all subsamples (p b 0.001). To see whether there were major differences between the countries, the attitude towards the airport of subjects from the reference category (L den b 45 dB(A)) and subjects from the highest categories of aircraft noise (L den ≥ 60 dB(A)) were compared between countries (Note: the subjects were differentially distributed over the noise categories at each airport.). Figs. 5 and 6 show the boxplots of the attitude towards the airport in each country for these subgroups. The most negative rating of the airport was found in the Athens (GR) and Milan (I) samples, the most positive ratings were found in the Amsterdam (NL) and Stockholm (S) samples. Participation rates differed between the countries, from not less than 30% in Germany, Italy and the UK, to 46% in the Netherlands, 56% in Greece and 78% in Sweden. The low response rate in some countries could have been a potential source of bias because aircraft noise annoyed subjects are maybe more inclined to participate in a noise study (Franssen et al., 2004) . If noise annoyance was a motivating factor affecting the willingness to participate, one would expect a higher response rate in more noise exposed areas. Based on geo-code information, the exposure to aircraft noise was compared between responders and non-responders. No significant differences were found in London-Heathrow, Berlin-Tegel, Amsterdam-Schiphol, Stockholm-Arlanda/ Bromma. In Athens-Eleftherios Venizelos the response rate was higher in subjects exposed to more aircraft noise, whereas the opposite was found in Milan-Malpensa (lower participation rate in exposed areas). No major differences were found between responders and non-responders with respect to age, gender in any of the samples. In Berlin and Amsterdam additional information regarding the year when the subjects moved into their dwellings was available from the registry offices. No significant difference between responders and non-responders was found. Full details about the non-responder assessment can be taken from the major technical report prepared for the EU (Jarup, 2007) .
To assess further possible selection bias, we looked at the distribution of the subjects' noise sensitivity across noise level categories and by country. Since noise sensitivity is a personality factor that was found to be independent of the exposure, its prevalence may be an indicator of potential selection bias. Fig. 7 shows the boxplot of the mean noise sensitivity scores over the aircraft noise categories (L den ). No systematic association is indicated, although-due to large numbers-the statistical test of group differences is significant (F-test: p b 0.05). Fig. 8 shows the boxplot of the mean noise sensitivity scores over the airports (country). Significant differences were found (F-test: p b 0.001). London-Heathrow subjects were found to be the most noise sensitive, Amsterdam-Schiphol and Stockholm-Arlanda/Bromma subjects were found to be the least noise sensitive.
More important with respect to possible selection bias are within airport comparisons over exposure categories. Within airport analyses did not reveal significant trend relationships or group differences between the aircraft noise level (L den ) and mean noise sensitivity scores-with one exception: In Milan-Malpensa a steady increase of noise sensitivity with increasing noise level was found (p b 0.001). This may be an indicator of possible selection bias, presuming that noise sensitivity should be independently distributed over the noise categories within each country. Similarly, mean age and employment status (currently employed) differed between countries. However, no significant trends with aircraft noise were found within countries for age, employment status and gender-again with one exception: In Athens the proportion of females decreased with increasing noise level. All in all, these analyses as well as the non-responder analyses suggest that selection bias is not very likely in the pooled sample when the Athens and Milan airports are excluded.
A pooled exposure-response of the association between noise level and noise annoyance associations between noise level and annoyance were therefore also Fig. 1 . Relationships between aircraft noise (L den -air) and annoyance due to aircraft noise during the day (EU and country-specific curves). Note: The EU curve is defined for noise levels from 45 to 75 dB(A). Fig. 2 . Relationships between road traffic noise (L den -road) and annoyance due to road traffic noise during the day (EU and country-specific curves). Fig. 3 . Relationships between aircraft noise (L night -air) and annoyance due to aircraft noise during the night (EU and country-specific curves). Note: The EU curve is defined for noise levels from 40 to 70 dB(A). Fig. 4 . Relationships between road traffic noise (L night -road) and annoyance due to road traffic noise during the night (EU and country-specific curves). Note: The EU curve is defined for noise levels from 40 to 70 dB(A). calculated for the reduced sample when these two countries were excluded. The results are shown in Figs. 9 and 10 for daytime annoyance and in Figs. 11 and 12 for night-time sleep disturbance. 95% confidence intervals are shown for the HYENA curves. Regarding road traffic noise the exclusion changed the result only a little, moving the HYENA curve closer to the EU curve. With respect to aircraft noise the HYENA annoyance curve also moves closer to the EU curve when the two countries are excluded. However, HYENA subjects were still much more annoyed by aircraft noise than predicted from the EU curve.
With respect to the annoyance during the day, the HYENA data suggest for aircraft noise levels (L den ) between 50 and 70 dB(A) an approximately "5-7 dB(A) higher annoyance" in the exposed population than predicted by the respective EU annoyance curve. In other words: around 2004 the middle-aged subjects were at a 7 dB(A) lower noise exposure as 'highly annoyed' as predicted by noise levels of the corresponding EU curve (European Commission Working Group on Dose-Effect Relations, 2002) . With respect to annoyance during the night, for aircraft noise levels (L den ) between = 40 and 60 dB(A) an even larger difference was found compared with the EU curve for (subjective) sleep disturbance (European Commission Working Group on Health and Socio-Economic Aspects, 2004). No major deviations were found with respect to road traffic noise for the similar comparisons.
Discussion
Noise annoyance is a multi-factorial concept  van Kempen and van Kamp, 2005) . It summarizes all negative feelings that subjects attribute to a noise source. The sound level only partly explains the variance of the annoyance in empirical studies. The general findings of the HYENA study is that the perception towards aircraft noise of the population that live in the vicinity of major airports in Europe has changed compared to older studies, which are represented by the EU curves for the prediction of noise annoyance (so-called "Miedema curves"). The results, in this respect, support the findings of other studies that were published in the more recent years (Brooker, 2008; Guski, 2003 Guski, , 2004 Kastka et al., 1995;  van Kempen and van Kamp, 2005; Le Masurier et al., 2007; Meis, 2006, 2007; Wirth et al., 2005a) .
In the HYENA study we assessed the annoyance during the day and the annoyance during the night separately. We did not assess the overall annoyance (day + night), to which the EU prediction curve for Fig. 5 . Boxplot, attitude towards the airport by airport (country) for the reference group of aircraft noise exposure (L den b 45 dB(A)). Fig. 6 . Boxplot, attitude towards the airport by airport (country) for the two highest groups of aircraft noise exposure exposure (L den ≥ 60 dB(A)). L den refers. When comparing the HYENA curve for annoyance during the day with the EU curve for overall annoyance, we assumed that the overall annoyance (day + night) is mostly determined by the annoyance during the daytime. Comparative studies have shown that with respect to road traffic noise there is no difference between day and night annoyance when the average noise level (L eq ) is the same (Hoeger et al., 2002) . With respect to aircraft noise, higher annoyance ratings during the night than during the day were only found for noise levels above 50 dB(A) (Hoeger et al., 2002) . The studies carried out around the Zurich airport showed that the general annoyance due to aircraft noise is determined by the outdoor noise exposure in front of the house and less by the indoor noise exposure (Brink et al., 2006) .
L den in the HYENA study, in this context, is understood as a noise indicator of the exposure during the day. This seems reasonable since no distinction is made in the Environmental Noise Directive (END) (Directive 2002 /49/EC, 2002 with respect to the exposed side. All determinants (L day,12 h , L evening,4 h , L night,8 h ) refer to the same most exposed façade, using weighing factors (+ 5 dB(A) for evening, +10 dB(A) for night) for the combined indicator L den , approximately shifting the lower evening and night noise levels to the level of the noise during daytime. In principle, L day,16 h would be a better indicator than L den for the daytime exposure, particularly, when considering room orientations. However, L den was considered in the analyses of the HYENA study to comply with the EU standard curves of annoyance.
L night , on the other hand, was considered as a noise indicator of the exposure during the night. Similarly as with L den , the indicator refers to the most exposed façade, not taking into account the location of rooms, particularly, the bedroom. This implies the same degree of exposure misclassification for both, the HYENA study and the EU standard curve of sleep disturbance. However, in the HYENA study the questioning was made with respect to 'annoyance during the night'not explicitly subjective 'sleep disturbance', as the respective EU curve does. When comparing the HYENA curves with the EU curves, we assumed that annoyance during the night reflects sleep disturbance.
Whatever limitations or reservations one could have with respect to the use of L den for daytime noise exposure or annoyance during the Fig. 9 . Relationships between aircraft noise (L den -air) and annoyance due to aircraft noise during the day (EU curve and HYENA curve (Athens and Milan excluded)). Note: The EU curve is defined for noise levels from 45 to 75 dB(A). Fig. 10 . Relationships between road traffic noise (L den -road) and annoyance due to road traffic noise during the day (EU curve and HYENA curve (Athens and Milan excluded)). Note: The EU curve is defined for noise levels from 45 to 75 dB(A). Fig. 11 . Relationships between aircraft noise (L night -air) and annoyance due to aircraft noise during the night (EU curve and HYENA curve (Athens and Milan excluded)). Note: The EU curve is defined for noise levels from 40 to 70 dB(A). night as a surrogate for sleep disturbance, the results of the HYENA study regarding road traffic noise are fully in agreement with the EU curves for the prediction of noise annoyance and sleep disturbance due to road traffic noise. Our results regarding road traffic noise annoyance confirm the respective EU curves, which are based on older studies. We therefore feel that the approximations we made were reasonable and that no major change in the perception of road traffic noise had taken place over the years. However, with respect to aircraft noise, large derivations from the EU curve were found although the same methods were applied for aircraft and road traffic noise. This relative difference of effect between road and air traffic noise makes us confident enough to conclude that the exposure-response relationship between noise and noise annoyance has changed over the years, and that this is specific to aircraft noise (upwards shift), because the EU curve refers to older studies. To our knowledge, no such relative comparisons have been made before, because it requires individual noise data for aircraft and road noise for the same subjects. A change in people's perception or attitude towards aircraft noise could be one explanation of the findings.
Our results may not be fully comparable to the EU curve, because in the HYENA study annoyance was assessed in the limited age range of 45-70 year old subjects. In meta-analyses that comprised a much wider age range, an inverse U-shaped association was found between age and annoyance. The age group 30 to 50 years was most annoyed by aircraft noise. Annoyance reactions were found to be lower in younger and older subjects (Miedema et al., 2000) . In the HYENA study, age was negatively associated with annoyance by trend, which is in line with the findings and results from other countries (Michaud et al., 2005) . This suggests that annoyance was more likely to be underestimated than overestimated in our study compared to the generalised EU curve that includes all ages.
It has been suggested that also annoyance reactions may be stronger in some European regions than predicted by the EU curve due to cultural or climate conditions. Norwegians reacted stronger to road traffic noise than predicted by the EU curve (Klaeboe et al., 2004) . We could not confirm this finding within our Swedish Scandinavian sample. At the first glance, one would expect lower annoyance reaction in countries where people have to close their windows more due to the cold weather. On the other hand, the expectations for a quiet environment may be higher (Ouis, 2002) , particularly, during the short season of the year when people spend more time outdoors. Cultural differences can also play a role. Spatial differences of the annoyance over Europe were found in comparative studies indicating that southern Europeans were less annoyed by road traffic noise than northern Europeans (Diaz et al., 2001) . Surprisingly, the opposite was found with respect to aircraft noise (Diaz et al., 2001) . It was suggested that people from southern Europe might be more annoyed by aircraft noise than people from northern and central Europe if the noise level L eq,24 h is below 65 dB(A).
An attempt was made to quantify the deviation of the annoyance of the HYENA sample from the EU curve. The airport-specific annoyance curves gave some indication that the very high annoyance scoring of the Athens and Milan sample could have been due to an overshooting of annoyance reporting (over-reaction)) because of recent changes in airport operations (Bröer and Wirth, 2004; Brown and van Kamp, 2008; Guski, 2004; Hatfield et al., 2002; Job, 1988b) . Steady-state conditions may not have been reached. The new Athens airport only went into operation a few years before the study was carried out and the Milan airport had only just been changed from a small airport being used for local traffic to a major international commercial airport. Furthermore, based on the assessment of noise sensitivity, there was some indication that a certain degree of selection bias (more noise sensitive subjects in more aircraft noise exposed areas) might have been present in the Milan sample. We therefore excluded these two airports from the pooled analyses. Whereas the exposure-response curves of the EU position paper for the prediction of annoyance due to road traffic noise were well reproduced, there were marked derivations from the respective aircraft noise curves, indicating an increase of aircraft noise annoyance over the years. A 5 to 7 dB(A) lower aircraft noise level (within the range of L den = 50 to 70 dB(A)) caused the same annoyance in northern and central European subjects as indicated by the exposure-response curve used in the European Community for the prediction of noise annoyance (European Commission Working Group on Dose-Effect Relations, 2002) .
Based on the HYENA data we cannot give any explanation for the possible effect of an increase of annoyance reactions due to aircraft noise over the years. An increase in the number of events each of lower maximum noise level due to quieter aircraft (causing the same L den ) could be a reason for this (Bröer and Wirth, 2004; Quehl and Basner, 2006) . Changes in non-acoustical factors moderating the annoyance could play a role. The issue has been discussed in the broader context of the "risk society theory", including aspects of fear, trust and control, and the incapacity of the industrial society to control pollution and prevent severe accidents (Bröer, 2007; Wirth et al., 2005b) . "Attitude towards the airport" varied between our study samples even in the non-exposed reference group (L den b 45 dB(A)). It co-varied with the annoyance. However, the cause-effect direction is not clear. Scientific reporting about risks and adverse effects of noise in the media could have affected people's opinion. However, our data does not suggest a shift towards higher noise annoyance, in general, because no higher annoyance than predicted by the EU curve was found for road traffic noise.
Conclusion
Our data indicates that annoyance due to aircraft noise has increased throughout the recent years, and that the current EU prediction curve for aircraft noise annoyance should be modified. No respective changes were found with respect to annoyance due to road traffic noise.
